Abstract. Electrically induced reorientation of liquid crystals (LCs) is a fundamental phenomenon widely used in modern technologies. We observe experimentally an electro-optic effect in a cholesteric LC with a distinct obliquehelicoidal director deformation. The oblique helicoid, predicted in late 1960-ies, is made possible by recently developed dimer materials with an anomalously small bend elastic constant. Theoretical, numerical, and experimental analysis establishes that both the pitch and the cone angle of the oblique helicoid increase as the electric field decreases. At low fields, the oblique helicoid with the axis parallel to the field transforms into a right-angle helicoid (the ground state of field-free cholesteric) with the axis perpendicular to the field. 
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forming an oblique helicoid. This "heliconical" state was never proven to exist experimentally, mainly because its existence requires the bend elastic constant 3 K to be much smaller than the twist constant 2 K , a condition that is not satisfied in typical nematics formed by rod-like molecules. In this work, we demonstrate the existence of the oblique helicoidal state in a cholesteric LC formed by recently developed molecular dimers, in which the flexible aliphatic chain that links two rigid rod-like arms makes the ratio 32 / KK   anomalously small [6] [7] [8] .
We expand the theory by establishing (a) the field dependence of the cone angle and (b) the scenario of the oblique-to-right-angle helicoid transformation. We present experimental and numerical data on the field dependencies of pitch and cone angle and establish the transition scenarios between the uniaxial nematic state at high fields, oblique helicoid at intermediate fields,
and N* right-angle helicoid at low fields.
The field-induced director deformations are described within the framework of the FrankOseen free energy functional. Neglecting the effects of electric field non-locality, the energy density for a left-handed N* writes
where 1 K is the splay elastic constant, 00 
Minimization of the free energy functional based on the density (1) also relates the cone angle  to the strength of the electric field: 
The last expression is derived by balancing the energies of the right-angle and oblique helicoidal states with a small  in the external field. With this theoretical background, we now consider the experimental situation. Experimental results. We start the experiment at a high field, 4 V/μm , at which the helical structure of N* is completely unwound with ˆ|| nE (except possibly in narrow regions near the glass plates because of the homeotropic anchoring), showing no periodic modulations, Fig.1 
(a).
The texture is dark when viewed between two crossed polarizers, one of which is parallel to E .
When the field is slowly decreased, the texture starts to brighten at
showing a periodic modulation along the x -axis, Fig.1(b) . The period increases with the decrease of the electric field, Fig.2 Fig.1(d) , match the POM data very well, Fig.2(a) . (3) and the experimental data in Fig.1(e) is difficult, as the director in the experiment is influenced by the boundary conditions; we resort to numerical simulations. . The latter quantity does not influence the results much, as the typical contribution of the anchoring energy to the total energy is less than 0.1%. Minimization of F reveals that the oblique helicoid is the main structural element of the system in the range Fig.3(a) . The effect of finite cell thickness and surface proven experimentally because of lack of materials with a sufficiently small bend-to-twist moduli ratio. In the explored cholesteric, based on molecular dimers, the bend elastic constant 3 0.3 pN K  is determined to be about 10 times smaller than the twist constant, 2 2.6 pN K  , a very unusual result as compared to standard LCs formed by rod-like molecules. We establish the scenario of structural transitions in such a cholesteric, as the function of the applied electric field.
At high fields, a uniaxial director parallel to the field is a stable state. At intermediate fields, the homochiral oblique helicoid forms with the axis parallel to the field. Both the pitch and the cone angle increase as the field is reduced. Finally, at low fields, the cholesteric right-angle helicoid emerges, with the axis perpendicular to the field.
Materials such as CB7CB have been connected to the so-called twist-bend nematic phase [11] [12] [13] [14] [15] that was recently shown by TEM observations to exhibit a nanoscale periodicity [7, 16] and the director field in the form of an oblique helicoid [7] . There are important differences between the oblique helicoidal structures induced by the electric field in the N* slab in this work and the ground state of the N tb phase. First, the period of the two structures is absolutely different, nanometers in N tb vs microns in N* (the latter can be controlled by the electric field and concentration of chiral additives). Second, because of the chiral dopant, the oblique helicoid in the N* case has the same chirality everywhere in the sample. In contrast, the N tb phase is formed by non-chiral molecules and thus should break into left-handed and right-handed domains [12] . As evidenced by TEM [7] , these domains might be rather small, only 20-30 nm wide; generally, one expects the domain size to be dependent on the sample and its prehistory.
The observed homochiral oblique helicoidal state is close to the field-free chiral smectic C (SmC*) phase [1] and the phase observed in concentrated water suspensions of helical flagella isolated from Salmonella typhimurium [17] . In the latter case, the conical angle  is fixed by the shape of relatively rigid flagellae. In the case of SmC*,  is fixed by the molecular tilt within the smectic layers and the structure is modulated both in the sense of molecular orientation and materials density [1] . Absence of density modulation and the ability of the electric field to tune both the period and conical angle in the heliconical state of N* brings advantages in terms of proper alignment and electro-optical switching. Note also that each value of the pitch and cone angle is stable as long as the field is kept constant, which distinguishes the observed state from the transient structures that might occur in cholesteric cells when the field is abruptly removed [3] . One thus might expect that the electrically-controlled oblique helicoidal structure demonstrated in this work will find applications in devices such as tunable diffraction gratings, color filters, light deflectors and scatterers, wide-angle beam steerers, etc. , where S is the distance between neighboring dislocations. The temperature dependence of 0 P is shown in Fig.S1 . For the aluminum electrodes, the field is 0.76V/μm with a 5% accuracy in the range 20 μm 20 μm x    , Fig.S2(c,d) . 
